Abstract -Recent developments of the chemistry of polyfunctional organozinc and copper reagents applied to organic synthesis are presented.
INTRODUCTION
Functionalized organometallics are very useful intermediates allowing the rapid consauction of polyfunctional molecules without the need of protection/deprotection steps and functional group interconversion steps. In the recent years, organozinc reagents were shown to tolerate the presence of most organic functionalities. In this review, we wish to report our recent progress in this field. Especially, we will demonstrate that polyfunctional zinc reagents can be used to perform highly chemo-and stereoselective transformations. 
Alkyl bromides or chlorides can only be used under special conditions for the preparation of organozinc reagents (ref. 6). We have now found that the addition of catalytic amounts of an alkali iodide (MI; M = Li, Na, Cs; 0.2 equiv.) to a solution of a primary alkyl bromide in DMA (N,N-dimethylacetamide) Table  I ). In strong contrast to Grignard reagents, it is also possible to insert zinc dust into primary mesylates and tosylates leading to new classes of organozinc reagents (RZnOTs and RZnOMs) which were found to display the usual reactivity toward electrophiles after the addition of CuCN.2 LiCl (entries 4-7 of Table I ). Interestingly, the reaction can be extended to the preparation of benzylic and allylic zinc sulfonates (20 mol% LiI, DMA, 35 "C, 12 h; enmes 8-10 of Table I ). Remarkably, no homo-coupling product was observed in these reactions in contrast to benzylic and allylic bromides which under non-optimized conditions furnish variable amounts (5-100%) of Wurtz coupling products. These procedures allow a very practical and economical preparation of polyfunctional zinc and copper reagents both for a laboratory and industrial scale (ref. 7). R=Penl :81%yield
1,N-BIMETALLICS OF ZINC A N D COPPER AS SELECTIVE M U L T I -COUPLING REAGENTS
Mixed bimetallic reagents of type 4 bearing two carbon-metal bonds of different reactivity (C-Met1 and CMe$) can in principle react successively with two different electrophiles E1 and E2 giving the multi-coupling products 6. The elecmphile E1 reacting first with the most reactive carbon-metal bond affords an intermediate functionalized organometallic 5 which can then react with a different second electrophile E2 leading to the products of type 6 (equation 2). We found that this reaction scheme can be efficiently realized by using mixed bimetallic reagents of zinc and copper (ref. 8). Thus the addition of zinc dust to a 1,n-diiodide (n = 4-6) of
type 2 in THF at 35 "C (3 h) affords a bis-zinc organometallic which was treated with CuCN.2 LiCl (lequiv.) leading to the mixed bimetallic reagent 8. Remarkably, the treatment of 8 with various types of electrophiles El (aldehydes, enones, 1-iodoalkynes, nitro olefins, alkylidenemalonates) gives with high selectivity the monecoupling products. The most reactive carbon-copper bond reacts with El leading first to a functional- ized organozinc iodide 9, liberating CuCN (1 equiv.) and ZnX2 (1 equiv.). The zinc organometallic 9 will rapidly react with CuCN.ZnX2 affording a new copper cluster .l.Q containing an extra equivalent of zinc salt (ZnX2). The presence of an excess of zinc halide was shown in related studies to lower the reactivity of copper-zinc reagents and explains the observed good selectivity (less than 5% of symmetrical bis-coupling product EI-(CH2),,-EI was formed). The reaction of 1p with a more reactive electrophile E2 (iodine, allylic halides, water, 3-iodocyclohexenone, MegSnC1) leads to a wide range of highly functionalized molecules of type 6 (Scheme 2). This one-pot synthesis proceeds in 5 8 1 % overall yields ( Table 2 ). The reaction can be extended to structurally more complex bis-iodides. Thus, cis-1,2-bis(iodomethyl)cyclohexane was converted to the bimetallic 12 and reacted selectively with successively cyclohexenone and ally1 bromide giving the ketone U in 74% yield or nitrostyrene and water providing the nitroalkane 14 in 74% overall yield.
Cyclization reactions with 12 can be readily performed, its reaction with 3-iodocyclohexenone gives the spiroketone fi in 78% yield. Interestingly, the reaction of 12 with oxalyl chloride in the presence of an extra equivalent of CuCN.2 LiCl and Me2S as cc-solvent provides the bicyclic ketone 14 in 77% yield whereas the double substitution of 1,3-dichloropropene furnishes the bicyclic compound 1z in 75% yield (Scheme 3). . These reactions proceed in high yields and under mild reaction conditions. However, they suffer from a srructural uniformity, and many interesting carbon skeletons cannot be prepared via this route. In the search of a more general preparation of bimetallic reagents, we noticed the work of J. Schwartz (ref. lo) , who showed that alkenylzirconium derivatives can be hydroaluminated affording 1,lbimetallics of aluminum and zirconium which then reacted with aldehydes affording olefins with modest stereoselectivity. Similarly, we treated the readily available alkenylzinc halides ls with H(Cl)zrcp2 inCH2C12
(25 OC, 1 min.) and obtained the 1,l-bimetallic reagents of zinc and zirconium tentatively formulated as le (equation 4). The reaction 1s! with aldehydes (R'CHO) gives (Q-olefins with a very high stereoselectivity (> 95% E ) and in good yields (Table 3) . A wide range of different structural bimetallics of type fi can be prepared, and remarkably, the presence of functional groups such as an ester, nitrile or chloride is tolerated in these reagents (see the reagents % of Table 3 ).
Ketones react with similar yields, affording in the case of cyclohexanone only exo-alkylidene cyclohexanes 
26
--. I ICH2Cu.Znlp I Lithium enolates can be efficiently homologated by a methylene unit by using (ICH2)2Zn prepared by the reaction of diiodomethane with diethylzinc. Thus the treatment of the lithium enolate of cyclohexanone generated from the corresponding silylenol ether 2e with (ICH2)2Zn affords the homo-enolate 3 which can be allylated after its transmetallation with CuCN.2 LiCl or coupled with 3-iodo-2-cyclohexenone in the presence of Pd(dba)2 and PPh3 (1 and 4 mol % respectively) leading to the products a and 2 in 85% and 76% yield. Similarly, the silylenol ether of cyclohexanecarboxaldehyde Z was converted to the corresponding homoenolate 2 which was allylated with an excess of ally1 bromide in the presence ofCuCN-2 LiCl affording the aldehyde U in 75% yield (Scheme 5). 
3.4
Of special interest is the direct conversion of akenylcoppers 36 to allylic copper reagents Xi! (equation 6) . If the reaction is performed in the presence of a carbonyl derivative (aldehyde, ketone, imine, ethyl formate) the very reactive allylic organometallic is trapped in siru and provides in the case of aldehydes or ketones,homoallylic alcohols of type 18 and 2 2 in high yields (equation 6). Thus, cyclohexenylcopper 9 reacts with aldehydes in the presence of iodomethylzinc iodide 21 and furnishes a mixture of the two regioisomers and m i n variable ratios (Scheme 6). Interestingly, the regioisomer formed by the addition of the most substituted end of the intermediate allylic organometallic to the aldehyde is formed as only one diastereoisomer. The use of the cyclohexenylcopper makes the reaction both regio-and diastereospecific and only the alcohol A3 is formed. This diastereoselectivity can be rationalized by assuming a cyclic transition state of type 44 (Scheme 6). We found that alkenylcopper reagents prepared by the hydroalumination of alkynes, followed by a transmetallation with CuI.2 LiCl undergo the desired homologation reaction with 23 providing the expected homoallylic alcohols (Scheme 7). Especially promising is the generation of the (a-1-sila-alkenylcopper 45 formed by the 
74%
Selective mple methylene homologations are also possible. Thus the alkynylcopper S gives after the fiist homologation with 2, an allenylcopper which is stabilized by chelation and reacts only with reactive aldehydes such as benzaldehyde leading to the homopropargylic alcohol 2 in 95% yield. In the presence of cyclopentanone the copper compound does not react and is further homologated by two methylene units providing a very reactive allylic organometallic which adds to cyclopentanone giving the dienic alcohol (63%; equation 8).
Interestingly, the 1-methoxyallenylcopper reagent 6L obtained by the metallation of methoxyallene 62 undergoes a related double methylene homologation in the presence of an aldehyde or a ketone affording polyfunctional dienes of type fi in good yields (57-87%; Scheme 9).
78 % (Scheme 10) . The acetylenic §z ketones f& and fi were prepared using the acetylenic copper derivative Za which bears a terminal acetylenic hydrogen. The terminal acetylenic hydrogen of reagent does not need to be protected in strong contrast to the corresponding magnesium or lithium compound and the reagent 22 can be used for the preparation of a variety of highly functionalized acetylenes (Scheme 11)
A more general study showed that organozinc reagents bearing several classes of acidic hydrogens such as primary and secondary amines and amides can be readily prepared and used for the formation of new carboncarbon bonds as shown for example in Scheme 12 (ref. 15).
